Most studies on the relationship between home-range size and composition focus on natural factors, whereas effects of anthropogenic factors are poorly understood. I evaluated effects of multiple natural and anthropogenic habitat factors, population density, and sex on the annual home-range size of red deer (Cervus elaphus) in wellpreserved forest areas in the Dinaric Mountains of Slovenia, Europe, based on .11,000 telemetry locations from 17 males and 25 females. Home ranges were 90-2,107 ha and averaged 460 ha. Using a mixed linear model, I estimated that home-range size decreased with increasing 1) red deer density, 2) supplemental feeding intensity, and 3) average annual temperature; 4) home-range size increased as the distance of main roads from the edge of the home range increased; and 5) males had a larger home range than females (580 ha versus 400 ha). These results were explained by effects of food availability (1, 2, and 3), energy expenditure of an individual (4 and 5), intraspecific interactions (1 and 5), and size of unfragmented habitat patches (4) on home-range size. To my knowledge, this is the 1st large mammal study to explicitly show that the density and spatial distribution of roads and supplemental feeding affect home-range size of red deer and that humans can have a greater impact on home-range size and shape than natural habitat factors. Ungulates are often supplementally fed to increase their value to hunters and to reduce forest damage, particularly in Europe; however, this practice can greatly reduce the home-range size, potentially leading to increased disease transmission and competition associated with the higher deer densities around feeding sites, which can result in just the opposite of what was intended.
Home range is the area traversed by an individual in its normal activities of food gathering, mating, and caring for young (Burt 1943) . Home-range size is therefore an important ecological parameter that reflects body mass; nutrition; availability and use of food, cover, and other resources; avoidance of predators; and other interspecific interactions; as well as sex, reproductive status, population density, and the mating system (Anderson et al. 2005; Börger et al. 2006; Swenson 2003a, 2003b; Gehrt and Fritzell 1997; McLoughlin and Ferguson 2000; Moyer et al. 2007; Mysterud et al. 2001) . Studying size correlates of home ranges of animal species is thus essential for understanding their biology and management. McNab (1963) was the 1st to suggest that the energy demands of an individual (and hence also its body mass and habitat productivity) is the single most important determinant of home-range size. His hypothesis has been confirmed by many interspecific studies (e.g., Harestad and Bunnel 1979) , but relationships are more complex at the intraspecific level.
For example, for most studied mammalian species, home-range size positively depends on body mass and negatively depends on food availability. Examples of this include the brown bear (Ursus arctos- Dahle and Swenson 2003a) , bobcat (Lynx rufus- Litvaitis et al. 1986) , and roe deer (Capreolus capreolus- Tufto et al. 1996) . Tufto et al. (1996) even suggested that female roe deer used the smallest home range in which they could satisfy their energy demands. Exceptions to the hypothesis of McNab (1963) also have been documented. No relationships between home-range size and food availability have been found in the female Egyptian mongoose (Herpestes ichneumon-Palomares 1994), wild boar (Sus scrofa- Massei et al. 1997) , American grizzly bear (U. a. horribilis- Nagy and Haroldson 1990) , and some species of insectivorous birds (Franzblau and Collins 1980) . Moreover, w w w . m a m m a l o g y . o r g 1139 the home range of males in some species can be so much larger than that of females that intersexual differences in home-range size cannot be explained solely by intersexual differences in energy use attributable to differences in body mass (Dahle and Swenson 2003a; Relyea et al. 2000) . McNab's (1963) hypothesis was later generalized to include factors that affect fitness of an individual, including availability of reproductive females, which has been observed in males of polygynous promiscuous species (Dahle and Swenson 2003b) , access to water (Bowers et al. 1990 ), duration and thickness of snow cover (Anderson et al. 2005) , and availability of security cover (Said and Servanty 2005; Tufto et al. 1996) . The homerange size of ungulates depends on characteristics of forest edge and landscape diversity at different spatial scales (Anderson et al. 2005; Said and Servanty 2005; Tufto et al. 1996) , suggesting that simultaneous access to various resources increases carrying capacity. For most studied mammalian species, home-range size is inversely related to population density, but for some species, such as the fox squirrel (Sciurus niger), this relationship was not confirmed (Sheperd and Swihart 1995) .
Factors affecting home-range size can be divided into intrinsic and extrinsic factors, the latter further divided into natural and anthropogenic factors. Studies of extrinsic factors have mostly focused on natural factors, such as snow and temperature, and natural factors that can be modified by humans, such as land cover. Much less is known about direct anthropogenic factors such as roads and other transportation routes, supplemental feeding, or disturbance caused by hunting and recreation (cf. Cooper et al. 2006; Jeppesen 1987; Sahlsten et al. 2010) . These factors can affect habitat use, fitness, and other ecological characteristics of many species, and, therefore, it is reasonable to assume that they also affect home-range size.
Transportation routes and their associated anthropogenic disturbances (e.g., vehicles, noise, light, hikers, and hunters) may affect habitat selection and activity of individuals and demography (Fahrig and Rytwinski 2009; Forman and Alexander 1998; Trombulak and Frissell 2000) . Disturbances may cause animals to temporarily or permanently avoid the vicinity of transportation routes and compensate for their negative effects by using security cover to a greater extent-a pattern that has been observed in several species of large carnivores and ungulates (Jerina 2006; Waller and Servheen 2005) . As a response to disturbances, individuals may avoid human activity and use areas near transportation routes only nocturnally (Jerina 2006) . Fenced, high-volume highways may create a nearly impenetrable barrier, as has been seen in several species of large mammals, including red deer (Cervus elaphus- Kaczensky et al. 2003; Krofel et al. 2010; Olsson and Widen 2008; Stergar et al. 2009 ). This functionally splits habitat into smaller patches. Thus, it may be expected that transportation routes also can affect home-range size and shape and that the size of habitat patches between routes limits homerange size, but I found no published data on this. Similarly, supplemental feeding is a widely used management practice and may have a huge impact on the annual, seasonal, and circadian spatial distribution of many animal species, particularly ungulates (e.g., Cooper et al. 2006; Jerina 2006; Sahlsten et al. 2010) . Nevertheless, there is surprisingly little information on effects of supplemental feeding on home-range size (Cooper et al. 2006; Kilpatrick and Stober 2002; Webb et al. 2008) .
The red deer in Slovenia is a good model species for studying impacts of roads, supplemental feeding, and other environmental factors on home-range size. Habitat selection and food habits of the red deer are well studied, as are the relationships between its fitness and environmental factors (Adamič 1990; Adamič and Jerina 2009; Debeljak et al. 2001; Jerina 2006 Jerina , 2007 Jerina et al. 2002; Stergar et al. 2009 ). The species lives in a wide range of environments and population densities. Red deer are often migratory and have large enough home ranges to include a wide range of environmental variables (sensu Aberg et al. 2000) . Density of roads and intensity of supplemental feeding vary greatly across Slovenia. In some areas, supplemental feeding of red deer is intensive and has occurred at the same locations for .60 years; in other areas, it is new, with small quantities of food for a short period during the year (Jerina 2007) .
My purpose was to comprehensively examine the influence of natural and anthropogenic environmental factors on the home-range size of red deer in Slovenia. I tested the following hypotheses: home-range size inversely depends on food availability (e.g., proportion of pastures, intensity of supplemental feeding, and characteristics of forest edges); homerange size positively depends on animal energy demands (sexspecific body mass and external temperature); home-range size inversely depends on red deer density; and home-range size is affected by density and spatial distribution of roads.
MATERIALS AND METHODS
Study area.-The study area covered 2,100 km 2 in the Dinaric Mountains of central and southern Slovenia (45844 0 N, 14842 0 E; Fig. 1 ). The climate was predominantly subcontinental, with high daily and seasonal temperature fluctuations. At lower elevations toward the Adriatic Sea, the climate became moderately sub-Mediterranean, whereas high Dinaric plateaus in the south had a harsh mountain climate with abundant precipitation and long periods of snow. Average annual temperatures were 3-108C, and precipitation was 1,300-2,600 mm. Habitat types were diverse; .70 forest associations and subassociations have been described in the area with uneven-aged fir-beech (Omphalodo-Fagetum) forests being the most widespread (Klopčič et al. 2010) . Forests in the Dinaric Mountains were well preserved (long history of close-to-nature management; see Bončina [2011] for description) and are home to 3 of the largest endangered predator species in Europe: gray wolf (Canis lupus), European lynx (Lynx lynx), and brown bear. Average forest cover was 81%; the rest comprised meadows, secondary successional communities, and cultivated land. Red deer densities in the 32 hunting districts that occurred in the study area were 0.7-6.6 individuals/km 2 . The entire area was densely interspersed with forest roads, but densities of public roads (i.e., trafficked roads that connect settlements; hereafter main roads) vary widely. In the hunting districts, average distances to the nearest main roads were 550-4,800 m, and average distances to forest roads were 70-410 m.
Capture and radiocollaring. females and 21 males (female age: 2-14 years, average 7 years; male age: 4-10 years, average 6 years) were wild-caught at multiple locations over the entire study area and equipped with radiocollars (Sirtrack-Landcare Research, Havelock North, New Zealand). Capture and handling protocols complied with guidelines of the American Society of Mammalogists for use of wild mammals in research (Sikes et al. 2011) and were approved by the Slovenian Ministry of Agriculture, Forestry and Food. Radiocollared red deer were located by triangulation from !3 receiving locations, at least once a week, and typically at all diurnal hours until their radiocollars failed or the individual died. More than 11,000 locations (average: 221 locations/individual) were recorded, for !96 cumulative animal-monitoring years.
Home-range size estimates.-Habitat selection and activity of ungulates change seasonally and during 24-h periods. Temporal relocation schemes can thus have a considerable impact on the established home-range size and composition (Beyer and Haufler 1994; Jerina 2009 ). Therefore, I estimated home ranges only for individuals monitored for !1 year. If monitoring lasted longer, locations of the 1st year were grouped into 1 group, locations from the 2nd year into a 2nd group, and so on; all remaining locations were excluded (e.g., if an individual was monitored for 13 months, I excluded locations from the last month). Some radiocollared red deer were occasionally monitored nocturnally, but only their daily locations (recorded between the time of actual sunrise and sunset) were included in my analysis. Several times a year, a few individuals were monitored over a 24-h period. To unify temporal sampling schemes, 1 location/day was chosen randomly for each animal and the others excluded, which resulted in 73 data sets for 42 red deer (17 males and 25 females); home range was estimated for each data set.
Home ranges were estimated using the Animal Movement Extension (Hooge and Eichenlaub 1997) of ArcView 3.2 (Environmental Systems Research Institute, Inc., Redlands, California), using the 95% fixed kernel estimator (Worton 1989) with the smoothing parameter determined by leastsquares cross-validation. The location frequency of all home ranges was .50, the threshold below which estimated homerange areas may be strongly biased (Seaman et al. 1999) .
Home-range composition.-Multiple ecological variables that may affect home-range size, such as quantity and quality of available food, security and thermal cover, energy use, and other components of habitat suitability, were included in my analyses. Variables were selected based on literature on red deer habitat selection, nutrition, impacts of environmental factors on body mass, and home-range size correlates (Table  1) .
All spatially explicit data layers of independent variables (hereafter data layers) were prepared in raster format with a grid size of 250 3 250 m. Grid size corresponded to the spatial accuracy of the recorded red deer locations in this study (Jerina 2006) . Data layers that quantified intensity of supplemental feeding were prepared based on data from a national register of supplemental feeding sites maintained by the Slovenian Forest Service and the Hunters Association of Slovenia. For each supplemental feeding site, the database contained the location (latitude and longitude), hunter-reported quantity (kg) and type of food (e.g., hay, maize, silage, or carrion) provided each year, target species (e.g., red deer, wild boar, brown bear, or mouflon [Ovis aries]), and type of site (e.g., automatic game feeder, barn, feeding place with carrion[''luderplatz''], or feeding cylinder). Based on that information, I selected feeding sites that were appropriate for red deer.
The data layer for red deer density was prepared based on the central Slovene register of large game species (Adamič and Jerina 2009 ). It contained data on all large game species removed (i.e., hunter-killed, road-killed, and individuals occasionally found dead) since 2004, including the location (latitude and longitude) of the center of a 1 3 1-km grid where the individual was removed. My study included locations of all removed red deer in 2004-2008 (.23,000 animals) . When preparing the density data layer, I presumed that each removed animal lived in an area of a quadrant with 3 3 3-km sides (approximately the average size of the annual home range of red deer in Slovenia-present study) and calculated average red deer densities by applying a 3 3 3-km average filter for all grid cells (i.e., the average value of 9 grid cells replaced the value in each grid cell). I did this to diminish possible bias in the red deer culling locations (culling is carried out mostly in autumn, but red deer are seasonally migratory).
All other data layers for independent variables were prepared from publicly accessible, spatially explicit databases. Values of independent variables for home-range areas were prepared with Visual comparison of the data layers for the independent variables and home-range boundaries indicated that roads frequently encircled home ranges, either partially or entirely (Fig. 2) . The same applied to nonforest areas (meadows and pastures), which, despite being one of the most important feeding habitats for red deer, were used almost exclusively nocturnally because they did not provide security cover (Godvik et al. 2009; Jerina 2009 ). Diurnal home ranges typically bordered (or were very close to) meadows and other nonforest foraging habitats that red deer used nocturnally (Jerina 2009 ). Therefore, for roads and the proportion of nonforest areas, average values of variables also were determined for a 500-m-wide buffer surrounding the home range. This distance corresponded to the maximum distances between edges of diurnal and 24-h annual home ranges of red deer in Slovenia (Jerina 2009 ). Red deer may have used a part of this buffer zone nocturnally when they were not monitored.
The hypothesis on the impact of roads on home-range size could have been tested by analyzing road density, sizes of habitat patches delimited by roads, and average distances of home ranges to the nearest road. In the 1st possibility, higher local road densities in a part of the home range could greatly affect estimated values for the entire home range. The 2nd possibility was excluded because factors other than roads (e.g., rivers or large areas of nonhabitat) could cause fragmentation, and the power of a test based on the size of habitat fragments between roads would probably be small. The 3rd approach was therefore selected. Average distances of all grid cells in a home range (or in its 500-m buffer) to the nearest road were used to measure the impact of roads. The choice of this approach can best be explained by evaluation of maps of red deer home ranges relative to roads (Fig. 2) . Within the entire range of road densities, home ranges may be intersected, encircled on all sides, or encircled partially by roads, or their boundaries may be untouched by roads altogether. Where the impact of roads on home range was the greatest (i.e., when roads cut through it or surround it from all sides), the distance to nearest road was low. In contrast, the distance was high if the home range was remote from roads and not limited by them anywhere. The impact of roads can hence be tested by examining the relationship between home-range size and the distance to the nearest road. If home-range size is affected by roads, it will be positively correlated with distance to the nearest road (calculated as average distance of each grid cell in a home range to the nearest road).
Statistical analyses.-All statistical analyses were done with SPSS Statistics 18.0 (SPSS Inc., Chicago, Illinois), Statistica 8.0 (StatSoft, Inc., Tulsa, Oklahoma), and ArcGis 9.3 (Environmental Systems Research Institute, Inc.). Confidence intervals of parameter means were calculated for P ¼ 0.05. Home-range estimates were log transformed to meet assumptions of normality and equal variance among groups. All dependent-independent variable pairs were plotted (raw data and adjusted LOWESS [local weighted scatterplot smoothing] function) and visually examined. In most cases, the dependent variable had an approximately linear response to the independent variable, and in 3 cases, a linear response was achieved with the log transformation of the independent variable.
Semantically similar ecological variables (e.g., elevation and temperature; and proportion of meadows, proportion of meadows in the home-range buffer, and distance to the nearest meadow; Table 2 ) were strongly correlated. Because the sample size relative to the number of independent variables was rather small (sample size 73; 16 independent variables), just 1 variable from each group of similar variables was included in the final analysis. I included the variable that was best correlated with home-range size (total 8 variables; Table 2 ) from each group. Because estimates of home-range size can be affected by the intensity of location sampling (Seaman et al. 1999) , the number of locations was included as a covariate in the analysis. Several studies have shown that habitat use in ungulates is sex specific (e.g., Bowyer 2004) ; therefore, I also tested effects of sex and interactions between sex and all environmental variables. Age of an individual (covariate) and the interaction of age and sex also were included in the analysis. Several data sets on home-range size and composition were obtained for radiocollared red deer monitored for several years (4 animals ! 4 years, 4 animals ! 3 years, 11 animals ! 2 years, and 23 animals ! 1 year), but they were not independent because adult red deer typically have similar home ranges over the years. Average overlap of home range of radiocollared individuals was 44-88% year-to-year. The effects of independent variables on the dependent variable were therefore analyzed with mixed linear models with the identity of the animal and the identity of the home range nested in the identity of the animal as a random variable. The global mixed linear model included all main effects and meaningful interactions of independent variables. The final model was selected by a stepwise backward elimination procedure of the least-significant terms (P . 0.05) from the global model. The Kolmogorov-Smirnov test was used for the final mixed linear model to test the distribution of residuals, and no significant differences from the normal distribution were found. Using Moran's I spatial autocorrelation statistics (Mitchell 2005 ), I did not find any significant spatial dependency of residuals. The monitored animals were therefore considered as independent units.
One of my primary goals was to examine effects of roads on home-range size. Distance to the main road in the home-range buffer best described effects of roads and correlated with several other independent variables on which availability of basic resources of red deer depend (e.g., food and cover; Table  2 ). Consequently, the relationship between roads and homerange size could have been an artifact of the combined effect of those variables. A conservative test of the impact of roads therefore also was performed; a mixed linear model was created based on all independent variables and interactions except distance to the nearest main road in the home-range buffer (with a backward removal procedure), and residuals from this mixed linear model were correlated with the variable distance to the nearest main road in the home-range buffer. That test was probably conservative because independent variables in the mixed linear model may collect a part of the home-range size variation caused by roads. 
RESULTS
Annual home-range sizes were 90-2,107 ha (X ¼ 464 ha; 95% confidence interval [95% CI]: 382-564 ha). Frequencies of recorded locations varied among home ranges (range: 51-154;X ¼ 90), but frequency did not affect home-range size either in the correlation analysis or the mixed linear model. Home ranges of females averaged 399 ha (95% CI: 305-523 ha) and were smaller (Table 3 ) than the home ranges of males (X ¼ 576 ha; 95% CI: 437-760 ha). Log-transformed homerange size correlated significantly with 12 of the 16 habitat variables ( Table 2 ). The correlation was the strongest for the variable distance to the nearest main road in the home-range buffer (r ¼ 0.76; n ¼ 42; P , 0.001).
The final mixed linear model included main effects of 4 habitat variables and sex, and it explained 76% of the total variation in home-range size (Table 3) . The mixed linear model predicted that home-range size decreased with increasing red deer density, intensity of supplemental feeding (i.e., quantity of supplemental feed supplied in the home-range area in a year/ home-range size), and average annual air temperature and increased with distances from main roads in the home-range buffer; males had larger home ranges than females. Although none of the interactions were significant, the interaction sex 3 red deer density (b ¼ À0.42; t ¼ 1.99; P ¼ 0.054) came very close. The direction of this interaction indicated that male home ranges increased in size faster than female home ranges as population densities decreased. Additional evidence of effects of main roads on home-range size was provided by the conservative test of residuals from the mixed linear model; the residuals were positively correlated with distance to the main road in the home-range buffer (r ¼ 0.32; n ¼ 42; P ¼ 0.038).
DISCUSSION
My study indicated that supplemental feeding reduced annual home-range size of red deer. To some extent this can be explained by the effects of food availability. Outside the vegetation growth period when availability of natural food is low, supplemental feeding can be an important food source for Table 3 for results and ''Materials and Methods'' for explanation). d Correlation coefficients were ranked in descending order based on absolute value of correlation coefficient from larger to smaller.
TABLE 3.-Mixed linear model with log-transformed annual home-range size (n ¼ 73) of adult red deer (n ¼ 42) in the Dinaric Mountains, Slovenia, as the dependent variable, and sex and age of an animal and 8 habitat factors (see Table 2 ) and their interaction with sex used as explanatory variables. (Schmidt and Hoi 2002) . During winter in Slovenia, supplemental feed ranges from 5% up to 50% of all ingested food by volume, depending on the harshness of the winter, intensity of supplemental feeding, type of supplemental food, and local history of its use by red deer, but annual energy contribution of supplemental food is small, representing only about 5% (Adamič 1990 ). I recently monitored red deer in 2 adjacent areas with the same habitat conditions but with contrasting supplemental feeding histories. The home-range size of unfed red deer was 3 times larger on average than the home range of red deer in areas with a long history of intensive supplemental feeding (Jerina 2012) . The impact of supplemental feeding on home-range size may thus be too great to be explained by the energetic value of the supplemental food alone (sensu Dahle and Swenson 2003a) . This management practice probably also affects home-range size by altering behavioral patterns. It appears that supplemental feeding reinforces site fidelity to wintering areas, alters habitat selection in the direction of central place foraging (Van Beest et al. 2010) , and decreases seasonal migrations. Comparison between site-specific histories of supplemental feeding in my study area indicated that it fully affected the behavior of red deer only after long periods of feeding, as has been noted in other studies of ungulates (Smith 2001; Timmons et al. 2010; Van Beest et al. 2010) . To my knowledge, effects of supplemental feeding on home-range size of ungulates have been examined in only a few studies, all of them on whitetailed deer (Odocoileus virginianus- Cooper et al. 2006; Grenier et al. 1999; Kilpatrick and Stober 2002; Lewis and Rongstad 1998; Webb et al. 2008) . In contast to my study, all of these studies were experimental, based on relatively short periods of feeding (maximum of a few years), and did not discern a clear relationship. Perhaps these studies were too short for the effects of supplemental feeding to become fully expressed or there might have been differences in the effects of feeding among different species of ungulates. Supplemental feeding may be one of the costliest inputs made by wildlife managers to enhance food availability. Ungulates are frequently supplementally fed to increase their hunting value, improve winter survival, and reduce damage to agriculture and forestry caused by browsing and bark peeling (Putman and Staines 2004; Smith 2001) . Studies of Eurasian elk (Alces alces- Sahlsten et al. 2010) , white-tailed deer (Cooper et al. 2006) , roe deer (Guillet et al. 1996) , bison (Bison bonasus- Krasinska et al. 2000) , and red deer (Cross et al. 2007; Jerina 2006; Smith 2001) have shown that individuals may concentrate heavily around feeding sites in winter and modify their annual distributional patterns. Moreover, my study demonstrated that supplemental feeding may greatly reduce the size of the annual home range of red deer. All these effects can locally increase damage to forests and agriculture and may have a negative impact on red deer and sympatric wild and domestic ungulates by increasing competition for food, facilitating transmission of parasites and diseases, and adversely impacting body mass and trophy values (Putman and Staines 2004; Smith 2001) . Alternately, when carefully designed, supplemental feeding may be used in specific cases as a management tool to redistribute animals and their impacts in forests from more-to less-sensitive stands and to diminish risk of vehicle collisions and damage to agriculture (Sahlsten et al. 2010) .
Roads affected annual, seasonal, and circadian spatial distributions of the red deer in my study area. Red deer avoided areas that were within 250 m and up to 1,500 m of roads (Jerina 2006) . The observed effects of roads in my study area were comparable or even greater than those reported for ungulates elsewhere (Basile and Lonner 1979; Cole et al. 1997; Dahle et al. 2008) . The effects are probably the result of disturbances caused by traffic and hikers, and, perhaps to an even higher degree, intensive hunting from vehicles in the past (Jerina 2006) . My results strongly indicated that roads also affect home-range size. Distance to main roads in the homerange buffer correlated most strongly with home-range size; it ranked 2nd in the mixed linear model in its predictive power and was also significant in the conservative test of residuals. The impact of roads also was confirmed in Fig. 3 , which showed that home-range sizes initially increased with increasing distance to the main road in the home-range buffer and then stabilized. When fragments delimited by roads increased in size, they eventually stopped restricting home-range size. I also noticed that the smallest home ranges of the radiocollared red deer were typically surrounded on all sides by roads (Fig. 2) . It is thus likely that roads determine size and shape of home ranges of red deer. In contrast, where roads were farther apart, the home ranges were generally larger. Nevertheless, roads were not absolute barriers for red deer, because home ranges of some individuals occasionally spanned over multiple fragments delimited by roads, albeit it rare.
To my knowledge, this is the 1st study that explicitly showed that roads can affect home-range size of large mammals. Numerous studies have shown that other animal species also avoid roads, which can therefore restrict their movement and functionally fragment their habitats (Forman and Alexander 1998; Trombulak and Frissell 2000) . Kaczensky (2000) and Kaczensky et al. (2003) , for example, monitored brown bears in Menišija, a small forested plateau in central Slovenia that is bordered on 1 side by a fenced 4-lane highway without wildlife crossings and on the other sides by meadows and fragmented forest. Home-range boundaries of the bears typically had a high overlap with the highway and nonforest areas; a large proportion of the monitored bears lived permanently on the small plateau and had considerably smaller home ranges than did bears in other parts of Slovenia (Krofel et al. 2010) . Similarly, Riley et al. (2003) reported that coyotes (Canis latrans) in a fragmented habitat in southern California had significantly smaller home ranges than coyotes in lessurbanized areas. The authors argued that this may have been a consequence of carrying capacity and habitat fragmentation. Moyer et al. (2007) similarly suggested that the degree of habitat fragmentation affected size of the seasonal home range of female black bears (Ursus americanus) in Florida.
Home-range sizes of the radiocollared red deer also were affected by density, elevation, and sex. An inverse relationship between home-range size and population density has been observed in many other species of various taxonomic groups (e.g., Dahle and Swenson 2003a; Mares et al. 1982; Nagy and Haroldson 1990 ). This may have been caused by intraspecific interactions such as competition and mating (Mares et al. 1982) or by food availability, because individuals are typically distributed over an area such that their density increased with increasing food availability (Massei et al. 1997) . Elevation and its associated weather conditions likely affected home range by constraining food availability (length of the vegetation growth period, and duration and thickness of snow cover) and increasing energy consumption (for thermoregulation, motion, and foraging, e.g., in the snow [Bunnell et al. 1990; Parker and Gillingham 1990] ). In dimorphic species, male home ranges are generally larger than female home ranges, which may be due to mass-driven differences in energy consumption and mating strategies of males (Dahle and Swenson 2003b) .
Home-range sizes of red deer also were affected by the size of available unfragmented habitats (i.e., size of habitat patches between roads) independently of food availability and factors influencing energy expenditure. This contrasts with the hypothesis that females of polygynous species use the smallest possible space in which they can satisfy energy demands (Tufto et al. 1996) . Dahle and Swenson (2003a) reported that the home-range size of brown bears in Scandinavia decreased with increasing population density along a gradient that was not related to food availability. Nagy and Haroldson (1990) compared home-range sizes of brown bears in 4 populations in Canada and argued that the relationship between home-range size and food availability was even positive. These results suggest that the hypothesis of Tufto et al. (1996) may, in some cases, oversimplify determinants of home-range size. Food availability necessarily determines the minimum home-range size, but this does not mean that such home ranges always satisfy all other needs (e.g., finding mates, avoiding predators, and need for security and thermal cover), or that use (in terms of energy) of the smallest possible home range is always the optimal strategy.
My study was based on locations of red deer gathered only during the day although the species is active throughout the entire 24-h period. In such species, the circadian sampling scheme can seriously affect estimated home-range patterns. For example, a study of red deer, monitored with a global positioning system every hour, 24 h/day, for 1 year showed that home-range size and composition estimated for daily locations differed from those based on 24-h sampling (Jerina 2009 ). The 24-h home ranges were an average of 25% larger than daily home ranges, and the proportion of meadows used was an average of 75% larger in the 24-h home ranges than that in the daily home ranges. However, the same study showed that variance of home-range size and composition were much larger (4-11 times) between individuals than within individuals between daytime and 24-h periods. The correlation coefficient between daily and 24-h home-range size was 0.85 and was 0.90 for the proportion of meadows. The study thus indicated that most relationships between home-range size and composition estimated based on diurnal sampling also should be valid for 24-h periods. The present study leads to the same conclusion. Home-range sizes estimated based on diurnal locations, for example, depended on the intensity of supplemental feeding even though red deer used feeding sites almost exclusively nocturnally.
My study showed that direct anthropogenic factors, principally supplemental feeding and roads, strongly affected the home-range size of red deer. Moreover, management practices and human disturbances directly determine local densities of red deer, which in turn also influence home-range size. Thus, effects of direct anthropogenic factors on homerange size in my study area were probably larger than those of natural habitat factors. It is also noteworthy that my study area covered one of the most well-preserved forest ecosystems in Central Europe. It is likely that direct anthropogenic factors also affect home-range size in many other red deer populations and animal species around the world. Until now, these factors have been largely unexplored in home-range correlate studies. Based on my results, I advise analyzing such factors to improve understanding of species' biology and management. 
